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CORTROL SYCTE OF THE SOVIET TURBOFAN ENGINE D-30

LArtacle by Master Eng' gmil Wegrzyn; Technika Lotnicza i Astronautvezna
{Aviation and Astronautics Engineering), Polisn, Vol 25, Ko 10-11, 1970,
pp 7-104
I i 3
i .
The article discusses the functioning of the most im-
portant assemblies in the conirol system of the Soviet
. coaxial turvofan engine D-3C: the NR-—BO mechanism for
metering fuel cutpubi **: exceniric CR-1W vegulator
llmltmg the rotatic. . speed of the engine's lou-
pressure assembly: zuc wne excentric CR-24 regulator

cortrolling air outlet and input valves and the vanes '
of the input control device in the high-préssure comz
Pressor.

The vasic asselmply in the conirol system of the Soviet cozxial turbo-.
f3n -engine D-30 {desirmed by the Solov'yev Burzau for the Tu-134 aircrati)
is a f‘v..el output meterins mechanism whicn is olock-cor amected with & Vickers ’
fype piston vunp nd -inich bears the designation LR-3). Anxiliary fasks

are psriorn2d = ,r the 2xceniric regulators CR-1W ana CR-24.

BRI

J‘ue; Guious : b.:, raring iHechanism KR-50

Suel Outpul Regjuration braer 3ieady Cornditions of higine Work

X

drder varying faizht conditions, the work of the engine is kepi
steady oy:

a mifferential valve in the range of rotational speeds of the high-
pressure acsenoly **;:*"* arz oaaller than the ropdated speeds, that is,
maller fuzd 0L v, .

an ezcentric reoulator of tae puxmp in the renge of rzmulated rota-
tionzl speedo.

Tre differeptial valve opzrates on tuL principlc of meiprtaining a
eoastant tuel prosours differsnee of 0 ko) "ms® Lnfera wnd oehing tne u..e}'ir.r'

1
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‘Gdﬁﬂﬁm«}uwmmw:nvnnrcwm]yiwﬁm{ the fuel jaovne

e ; 'ngf.wz i Shoking: viive pushes the diftrorential valve v ldor to
S b vennectisn with the sink of the npaee vaeclosed DY the Laston:s

CoiRRe e ayntem L nade, AL the same time, the Lidd:r cona '
oo R TR ey thannel oohdnd th pump vith the 9pace under the
PN T anleaa: G restot e dlni, A a resadt, the sstup of hoth

Centvan e rvasdideceasiag the angder of inclinatior of the resistaicc
Graenoans bnun oorantonin s e output or uel from the pwrn,

aen toe fuel output decreasos, tae difsfermnce bavween the procser. s
Wl grunp 0 oond Lanind e chowldng vailve also deerease ., his voes 0. unii}
Wids Aiermnee roncios the preset vidue of 10 Ko/em=, 2t wnat monment, the
differencisl valve slider returns to its initial position, thus closing oef
e dlufiow off Suel into the_space widor the piston of tho rGELStALC: diag
wea Aiseonnectins they interaniston cpace frem Lhie sink.

Jue Lo the
a2 change wlil

SOV 10 a2 resal

differential wvalve, fuel output remains wnchan,»n in npi te
cl. occurs in the rotational speed of the Mighepressire ane
L of changad [lighw ecncdisions.

of

A SN

Atlur the choking valve i3 closed, the ruel pressure differu ice
rapidly increases avove 10 kp/em”, and Lie differential valve slicer siides
w0 the extrere left position. As a result, t'.: resistance dial is sot into
1 rosition which corresponds to the miniwum fuel output, proventing a rise
in the luel pressure which could damage the output remulator.

within the ranse of regnlated rotational speeds, the fucl output is
rzgulated by the oxeentric regulator, ,

The position of ihe excentric resulator slider i: a2 function of the
cnrine’s rotaticnal spoed. When this rotational speed is steady, *he slider
assumes a position in which the whole rervo system is in equilivrium. ©n
order t¢ increace the rotational speed of the engine, the load on the spring
of tne excentric rezulutor slider must be inereased, and this 35 acenmpiished
oy shifting: ihe control lever. '

then the rotaticnal speed decreascs, the regulator siider loses ity
cquilibrium and slides downwara. This position of the slider inereases
fuel InZlow into the space above the upper piston of the servo system and,
at the same time, 1t connects the space uador the resictance dial piston :
with the sink. The setup of both pisions begins to shift downwards, in. '
creasing the angle of inclination of the recistance dial and the fuel out~
put asg well, 3y sliding downwerd, ths slider of the upper piston connects,
9y means of the choke; the gspate between thz pistons with the line of the
sink. Under the effect of the luver, the bushing of the wvegulator slider
also begins to move dowmvard, however, with a certain dolay with respect to
the slider, thus functioning as a typleal catch-up syotem. When the rota-
tional speed of tho engine 43 closs to the preset speed, the regulator .
slidor and bushing are in the inltlal position. The gpace above the upper
piston and the spaca under iie rosistance dial piston are supplied with
fuel at the same prosgure az during the preset rbt;t#pnal‘apeod. while the

2
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space betiwzen the pistons is connected with the constant-pressure channel
by means of the slider of the uppér pision.. In the space between the pistons,
the pressure and the opposite movement of the pistons incréase. The slider
and bushing of the excentrit regulater-meve urward with the same speed
(their mutual position does not change). Tnis opward mevament ceases when
the slider of the upper sérvo piston closes:off tne comnection -of the inter=
riston space with the constant.pressure channel. Tais takes place when the
éngine reaches the reauirsd rotational speed. Treén, the regulator slide
and dushing and the upper piston zssume thely initial posificn, while ihe
rasistance dizl piston assumes a positior in which the. angle of inckination
of the resistance dial, is Aincreased.

winen the rotational speed increases, the vwhole system operates in a2
marmer anzlogous o the above, however, the motion of all the Zbove-nen-
tioned parts proceseds in the opposite dxrection, while the space between
the pistons it connected, not with the constari-pressure channel, but with
the sink.

Fepuiation of Fuel Output During Acceleration

auceleration of the engine, the fuel cutpui is regulated by

GE
the following assomblies:

the ‘hydranlic delagyer ildcn operates wWithin the range of regulatsd

PR
Mytationas spied, X

L
\‘n e

o ze lipdter-which cperates within a range frem the
idie puer to rotatlionzl gpea

ds smaller than the starting speeds.

“men, within the range of regulated rotational speeds, the control
lever is snifved fommazd, then, by means of 2 cog wheel, tals lever pusihes
the tushing of the siiding iydraulis delayer uywwand. Tre siiding wushing
closes the fuel sink openins in the cylincer ¢f the delayer piston; uith
tnhe result #hat the fuel coniny from the constani-pressure chunnel flouws
into the space under the pisten. The piston and ite cylinder shifi upward
vizh a speed determined by the capaciiy of tue byCraudic daznpers. As 2 re-
sulb, the lever, whose one end is cormerted with the cyiimder and The other
-.i%% the soring of vhe excentric wxegulator slider, begins to exert force on
ihe cegulator spring. The spring adjists tha axeentric remqlator to the
newr otk condiiions (the slider meves formuard). Tae delayer pision stops
suifting wwen the sink opening in ihe ey imaer opens. bnat is, when the pvis-
on has Shictea by ihe saee distance as 16 the €liding bushing.

“Taen the cnpine's rotational spesd detreasss, the hydraulie dolayer
otston shifts doun with a speed determined by the capa?i‘ay‘ of t’:{e upper
iﬂ.},'dz‘aulie damper, which is adjusied s that the flame in the comtazbion
charher of the engine uould not po oul. :

“an che contml lever i smocinly Fnifted forsard of the pa{vsi’f.';?n
coviasvonding to tne idle gear, the fuel pressdre in front of the divigin:
vaiva }apidly insysaces. As a resuit, the siider of ihe pre-~cure rixn2
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Figure 1.
1. Resistance -dial piston 135,
2. Upper pisten of servo system 16,
3. Low-pressure filter 7,
k, High-pressure filter 13,
5. Constant-pressurs valve 19,
6. Differential valve 20.
7. Pressure rise limiter 21,
8. Altitude collector 22.
9. 10-stage compressor air 23.
1o, Filter 2k,
11, Starting mechanisnm 25.
12, Fuel outlet limiter 26,
13. Solenoid . 27
24, First channel of injectors 8.
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Cutline of the Fuel Ouiput Regpnmlater iR-3C

Se«ond channel of injectors
Jet cone ’

Deaerating valve

Fuel to Cr-1Y

Piston of hydraulic delayer
Dividing valve

Sink valve

Regulaiion of idle run
Choking vaive

Fuel to CR-Zi

Fuel to CR-1¥

Drainage iine

Repulator bushing
Regulator siider.
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Iimiter rovaes to the left and closss the chamnel of {wel ouifla: frog the
space cn the leff side of {ihe limiter piston,. wnither the faol g copguetss
fs_‘m the zrea in Ifmont of the dividing valve tarough 2 sysiex of o by~
drawdic dampers. Tae piston overcomes the rasistance of the sprins, weging
to wove o the righf, aud stretehes the Ipring for as lons as ine fued
pressurs i{a.i‘mm, of the ¢ividing valve increases, In this zay, the“pras—
sire risz iimiter erxeris no effect on ihe chanpe in the fuel outpul.

Waen ine contiol lever is Tuddenly chified foruard, ithe fnel pres-
sere under the piston of the reisctance dia2l rapidly f2lis. Tne simul-
taneous,. rapid rise in the preszurz in front of the dividing valwe shifis
the limiter shder io tne left co that the space bebtwzen the pistons of
wae aydravlic serve systen is connected with the sink, while fuel from the
area in front of the dividing vzlve is conducted, through an oblique cper..
ing, into the space under the pision of the resistance dial. In this &y,
the piston of th2 resistance dizl remains in the initial position for 2 )
certain pericd. During that time, fuel flows Irom the constant pressure
channel, ihrougk tuwo hydraulic dampers, inio :the space uncder the pision of
the hydraulic delayer, with the result that the pisten and its cylinder
meve upvard with a defirite speed. The lewer exerts jorce on the spring
of the excentric regulator slider. and the spring ressis the remulator sc
that frel Tlous fon the constr- <ressure channel into the space above tne

upper piston of the sarvo sys.-.:. while the space under the piston of the
vaszistance dial is connected witn the sink. Yhile the limiter piston is

nmuving to the rignt, the opening in its cylinder is opened, aung additional
fuel which bypasses one damper flous into the space on the left side of the
piston znd causes it to mov. even more. This closes the obligue opening in
the vusking of the limiter siider and turns off -~he inflow of fuel from the
arez in Tront of the dividihg valve into the space under the piston of The
rasistance dial. As a resuls, the fuel output fror the pump is increased,
d 221 assemblies are in 2 position corresponding o a greater rotational

0]

eec;

Starting the Engine

'Y 2

winer the engine is net working, the rezistance dial of the piston
ourib is positioned ai a maxirum angle. In view of this, in the first no-
ment of starting, the amount of fuel delivered would te too large in pro-
cortion to the amcuat of air. This uould suddenly riise the temperature
above the permitied level. Tne action of the automatic starting nechanisnm
consists of adjusting the fuel supply to the air supply. In the first
phase of starting, the inflow of air is smail, while the fuel prassure in
Tront of ihe dividing valve rapidly increases, and therefore the slider of
the automatic starter is rriced, allouing a portion of the fuel to flou
into the sink., As the rotationsl cpeea increases, the alr pressure behind
the compressor rises. This pressure acts on o membrane which directly
controls tne slider of the automatic starter. Vhen the rotaticnal spoed
reaches 6,000 rpn, the nemorane-coutrolled siider completely zloses off
the route to the cink.
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the turbine and which also function as the transuitter-of {he assexbiy,
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a pusher, a le »
siider of the automatic starter, ihus naking
flow out inte the sini at & lower pressiwe. -
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Fuel Guiput Rezdlation in. Accoxdance with Gas Ténoeraturs

_To eliminaté the danger of thé pos temperaturc rising atove the

pex-=
mitted levzl, the lemperziure limiter :2%=35 vas zppiied. T task of Inis

assexbly consists of raducing the fuel inpat into iz engine whenever the
‘temperature of the £asss rises z2bove ise pérmitred lesui., The PHI-I5 25—
seridly is Composed: of:

22 themioccuples uhich measure the temperafurz of e gasesg oshird

Y]

an elzctric amplifier URT-19A-27

a soleroid EMT-243 ‘

a. femperature limiter CT

& rotational speed decrease limiter FOR.

From the constant-gressure channel, the fuel flews through z calid-
rated jet cone; under the membrane of the temperature limifer, gnd then in-
to. the’ jét cone of the solenoid valve. .From the space under the-pisicn of
the hydraulic delayer, the fuel flows through a hydraulic damper anc into
the OT slider. The URT-=194~2T amplifier transmitter Is adjusted to the
maximum temperature of gases in an ideal atmosphere.

When the gas temperature becomes very close to the temperature to
which the. amplifier iransmitier is adjusted, an appropriute 2lectric impulse
is transmitted to ‘the solenoid which, by means of a valve, begius o reduce
ghe ousfléw of fuel fror undermeath the membrane of the temperature limiter.
As -a resul:, the pressure under the memwrane increases. Overcoming the
resistance of the spring, the membrane moves upward Jointly with the slider
-attached to it, When the gases reach the preset iemperature, tu~ QY siider
-opens the fuel path from the space under the hyd roulic delayer piston to
the sink., By means of the lever, the hydraulic Jlelayaer rmosets the excent.
ric régulator so. that the pump puts less fuel out, and vhus the temperature
of the gases decreases.

Stnee the excentric regulator of the punp Cumuratss vwithin the range
of regulated rotational speeds, the PRT-35 assenbiy can regalate the fuel
output ouly in this range.

In order to prevent a fall in the rotational of sed of the angine be-
low 10,500 xpm, which could happen when electric install fions 1ail, the
MOR Limiter of rotational speed decrease was applied. 3 a rofaciaral
speed of 10,506 rgm, the MOR slider closes tne fuel i pat‘n. TR e
space under ing hydrunlic delayer pistom o the sinit, Jrom thav woment, on,
the hydrauli¢ dalzsyer no longer rescts the excentric regulator so as

reduce -fuel cufput.

— i Y, APEE s,

LR
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“xeentric Regulator CR-1W

Tne excentric CR-1W repulator limits the rotational speed of the
loweyrascure system.

Crn the sioc of the repulator slider, fuel from the space under the
Linten of the [IH=70 nydraulic delayer is conducied through the hydranlic
damper. The slider is acted upon by excentric welghts from below and by a
spriny from above. Winen the steady rotational speed of the low-pressure
cvstem is smaller whan the maximum permitted, the slider is in a position
vhich cuts off ruc.l iaflow inte it. Tne moment the maximum rotational
tc an increased effect of thc weights, *the slider

spoud in eacceded, dun
~iges cpanine ihne fuel ratn to the sink line. In this way, the space under
“he piston of the hydraulic delayer is connected with the sink, and the
fuel prassure ta that space rfulls. The piston and the cylinder of the hy-
draulic delsyer rorve downward and therefore, by means of the lever, ihe
sneeontric repulater is reset so that the fuel output from the pump is re-
suced., The rotostional spez2d of the high-pressure system and then of the
lou-pressure system desraacos.
{ 3 ) w2 MP 3Y ~e Il
(2}
Limg
( l ) (7] e} e Ziemy
grevdomy
Figure 2. Cutline of the Excentric Ci-1. Regulator
Sayv

Wy

W=l

graincee line
Sink li.e
Fuel from liR=720
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disconecting crarntor slarters JTter Conpl 2uion of the sotiesdden
of the chreine: '

.

ISP -
rmele il [

v vanzs of the WiA input coabred devis. of the highe
pressure coopre;usor fros zn angle of 00 to on an 2 of <10° and vice versa.
. *

The WiA~10 pump pumps the fuel inte tne Mel filter 5f the CR-ZW Te- .
rutator.  Then, the fuel flows ihreovgh the sairn aod Left irolementing sladers
inic hydraulile flapjacks. From inc constani-prasc e valve, the fuel fliows .
to the siider of the excentric trantnitlzer ard,laterally, ‘% two conwrol ’ :
sliders, Onaer a pressure of p = fin<), the ruel is corductsd from the

slider of the excentric transmitter o two control sliders and one imple-

menting slider.

ne seguence of tre funttions performed by Ahe (.24 regulator is

as follows!

1]
» + ) s . — ee— :
Mring activatien of the Enpine : ~

-t

1. Aftcs the hira-pros.ure system has rached 1 rotatlonal speed of
Tebo, due to the o

the pressure of the fucl coming fron the excentric transwitter,
air outlet valvaes oeaind tna fourth and fifth stuges of the high-pressure. . ..
COMPressor onzi. :

<. AT
valves are res
7anes are et a

» tha rotational speed hi<: renched . i-iZ.5e, the air inlet
+ to draw air £rem behind the 1Cth sture, while the WA
: an anrle of 0%, ‘ L

3. After the rotational speed has reached J7-40%, fuel pressure:
pef (nz) raises the slider which disconnuects the generator starters; from
the constant-pres-ure channas, the fuel fiows under th? recbrane of the
microdisconnector wnich tumms the starters off,: : ’

During Acccleration

1. ‘hmen the rotation sneed has reached 77-79%. the fucl pressure . .
from the eacentric transmitter shifts the right centrol slider updard, and.

the fuel flows [rom the constant-pressurs channel to the left ‘control slid 1

FTD=HC-23-1791-T1 %
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1. ™el from WR-3C

2, Drainzye line

Sink line

. xcentric trangmitter

5. Prezsure p=£(n<) channcl
5, Slider disconnecting
generator Jstarters

7. Upening siider

3.
9.
10,

1.
372'
i3.

1,

Figure 3. Outline of the Bxceatric CR-ZF Hegulator

MicroiisconnecioTw
Irplenenting siider

To hydrawiie flapjacks of air

inlet ang outlet wvalves

Closing slidaf :
Inglemeniing ciider ‘
To hydralic WA flapjack.

Constant-pregsurs valve.

2. ‘Unen fhe yotational &peed has reached 79, 5-5l. 5§, the left con-
trol slider is snifted upward, and the fuel flous from thne constant-preéssure

channel under poth implementing sliders.
sliders move upward, and the left implementing -glider conmects the hydraulic
while the right slider lets the fuel flow- -

flapjack chann2ls with the sink,

from the pump to the A vane conirol flapjack.

As a result, the implenmenting g

The air oatlet valves be-

hind the Tourth and .3{th stages of the compressor are closed. Alir inlet
valves are reset tc draw aiy from fehand. the fifth stage, while the MHA

vanes are set at ah angle of 0°,

~ During deceleration of the rotational speed, the OR- operations
are- perfermed in the reverse sequence.

FTLmHC=03= LT =71
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